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INTRODUCTION 
The phenomenon of interaction between microorganisms 
has been the subject of many investigations and recently the 
subject has been ably reviewed by Waksman, Porter and Carter, 
Weindling, D»Aeth, and Raper (21, 1^^, 23, 15, 16). The 
isolation of two sterile Pythium species from diseased corn 
root by Dr, E. Vestal In 1951 (20) afforded an excellent 
opportunity for study of interaction as It was related to 
sexuality. These isolates were found to produce sex struc­
tures only when grown in matched culture. Inspection of the 
area of stimulation between cultures showed that oogonia 
originated from the thalli of one culture and "antheridia" 
from the thalli of its opponent. Further observations showed 
that the oogonia-forming culture later produced "homothallic" 
antheridia. 
In the winter of 1951-52 investigation of the mechanics 
of and the conditions influencing stimulation was begun. Upon 
demonstration of a dialyzable, stimulatory substance, the 
problems of production and assay of stimulatory filtrates were 
added to the research effort. 
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REVIEW OP PERTINEHT LITERATUEE 
Interaction of the Pythiaeeae with respect to stimu­
lation of sex structures in dual culture was studied ini­
tially by Ashby (1) in 1922, Using a sterile Isolate of 
Phvtophthora faberi Maubl. in dual culture with either P. 
ualroivora Butl. or P. parasitica Dastur he was able to demon­
strate stimulation of oospores in sterile species as a result 
of the association, Gadd (8) in 192^ substantiated Ashby*s 
experiments on P. faberi and suggested heterothallism as an 
explanation of the phenomenon, Lester-Smith (11) in 1927 
obtained oospores in dual cultures of sterile strains of JP, 
ualmivora with P, parasitica. He concluded that such stimu­
lation was not heterothallism but rather the result of low 
metabolic activity induced by association or possibly by low 
temperatures. Ashby (2) in later work reversed his original 
opinion after finding oospores In previously sterile cultures 
and supported Lester-Smithes thesis of biochemical stimula­
tion, 
Narasimhan (13) in 1930 separated isolates of £, arecae 
(Coleman) Pethyb. into male and female strains on the basis 
of their reaction in dual cultures with sterile isolates of 
P. arecae. jP. meadii McRae and jP. When compatible 
strains were grown in dual culture a definite brown line of 
oospores appeared in the area of association between cultures. 
Oospores were said to result from the union of oogonla and 
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antherldla of \mlike strains. Cultures of P. laeadii and 
parasitica, which had lost their capacity to produce 
oospores in single culture, formed them readily in dual cul­
ture with the male strain of P. arecae but not with the 
female strain. Leonlan (10) in 1931 in eighty-five isolates 
omnivora group found that forty-eight of these were 
equally divided into male and female strains. The remaining 
isolates were homothallic, inconsistently heterothallic or 
neuter in reaction. Tucker (19) in his taxonomic treatment 
of the genus in 1931 takes the viewpoint that present evidaace 
is inconclusive and that more study is needed to establish 
heterothallism in Phytophthora. The use of dual cultures In 
identification of sterile Phytophthora isolates was described 
by Waterhouse in 1950 (22). Oospores formed by sterile iso­
lates paired with known fertile species permitted their assign­
ment to species. More recently in 195^» Johnson and ?alleau 
(9) reported isolation of two male strains of £. parasitica 
nicotianae Tucker from thirty-five single zoospore iso­
lates. One of the male strains in dual culture produced 
oospores with all thirty-three remaining isolates, the second 
male, however reacted with only eleven of the same isolates. 
Stimulation of sex structures In dual cultures and heter­
othallism found in Hivtophthora has not as yet been extended 
to the closely related genus Pythium. Interspecific pairing 
Pvthium species was made by Drechsler (6, 7) in 19^3 and 
19'^ 6. In dual cultures of sterile or weakly fertile species 
with fertile cultures of a number of species, no stimulation 
of sex structures took place. On the contrary in dual cul­
tures of normally fertile species, sexual reproduction was 
often severely inhibited due to a parasitism of one culture 
on the other. 
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GBOWTH HABIT AW MORPHOLOGy OF "A" AW "B" 
IN SimiE, DUAL, MMRANE-CROSS CULTtBE 
The lack of any consistent identifying characteristics 
in distinguishing one culture from the other necessitated 
designation on their "behavior in dual culture. The isolate 
which in dual culture stimulated the formation of oogonia in 
"B" was designated as "A" culture. The isolate which in dual 
culture with "A" was stimulated to form oogonia was designated 
as "B" culture. 
Growth Habit and Morphology in Single Cultures 
of "A" and "B" 
Cultures "A" and "B" are very similar in growth habit 
on a wide variety of media and so lend themselves to a single 
discussion of their characteristics. When grown on water agar 
or filtered corn meal agar the mycelium was closely appressed 
to the surface and primarily intramatrical. The growth habit 
was arachnoid according to Middleton's classification of 
growth types (12). On media containing high amounts of organic 
matter such as potato-dextrose agar, oatmeal or lima bean 
agar, the growth habit of the rapidly extending mycelium was 
arachnoid as before; however, later aerial growth produced 
a thick mycelial felt on the surface of the plate. 
Mycelium of both cultures was coarse, undulate to angular 
and even occasionally clrcinate. The richly branching 
mycelium was quite granular and contained abundant refractive 
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granules. The primary hyphae were U.5-7.0 microns in diam­
eter; secondary and tertiary branches considerably smaller, 
2,0-^,0 microns. The mycelium was non-septate in young cul­
tures, becoming quite septate with age, 
"A" and "B" did not form sex structures in single culture; 
however, in cultures fifteen to twenty days-old or older 
chlamydospores were formed in profusion, especially on nutri­
tive media# The chlamydospores were quite variable in 
shape, spherical to aspherical when apical and aspherical or 
laterally sessile when intercalary (Fig, 1, 2, 3). The 
spherical acrogenous type was by far the most common. The 
content of the spores, like the mycelium, was quite granular. 
The spherical spores ranged in size from 7»5-30,0 microns, 
average 11,^ microns for the "B" culture and 10,0-30,0 microns, 
average 12,5 microns for the "A" culture (Pig, ?)• Quit© 
often a portion of the mycelium adjacent to the spores was 
walled off forming a resistant myceloid segment continuous 
with the spore (Fig, H), 
On a medium more nutritive than water agar, numerous 
appressoria were formed. These structures were falcate to 
straight enlarged portions of mycelia, occurring in sausage­
like chains of from five to ten units, measuring 5-8,0 
microns by 10,0-50,0 microns, average 6,5 by 35»0 microns 
(Fig, 5)* Oa potato-dextrose agar and other nutritive media 
"A" culture formed great masses of these structures, 0,3-0,6 
Pig, 1. Apical spore in "B" Fig, 2. Intercalary spore 
culture twenty-eight- of "A" culture 
days old, tw^ty-days old. 
Fig, 3, Tangentially inter- Fig, 1+, Intercalary spore 
calary spore "B" including mycelial 
culture twenty-eight- segments, 
days old. 
Pig, Appressoria-like Fig, 6, Hyphal coils on 
structures at the agar- surface of culture 
glass Interface in "A" medium character-
culture eight-days old, istic of "A" 
culture. 
o O 
Fig. 7* Comparison of range and frequency of size of chlamydospores of "A" and 
"B" and oogonia of "B". 
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mm, in diameter, easily visible to the naked eye. "B" 
culture fonoed similar structures but they were less numerous 
and more widely scattered. 
fhe surface mycelium of "A" culture was quite character­
istic. Extremely delicate branches of the main hyphae, 1.0-
1.5 microns in diameter, formed elaborate hyphal coils over 
the entire surface of the plate (Fig. 6). Their prodigious 
numbers in "A" culture along with the numerous appressoria 
constituted the only constant morphological differences 
between the two cultures. 
Growth Habit, Morphology and I^rasitism 
in Dual Cultures of "A" and "B" 
Cultures "A" and "B" were inoculated to opposite sides 
of an agar plate and allowed to grow together. Each culture 
grew noimlly until contact was made in the center of the 
plate, fwo to three hours after contact the branching of 
the "B" mycelium became more pronounced and extension of the 
mycelia of this culture into the area occupied by "A" ceased. 
However, isolated strands of "B" mycelia frequently penetrated 
the opposing culture for distances of 1.0-5.0 mm. By contrast 
the hyphae of "^A" penetrated the area of "B" easily and 
extensively for distances of 1.5-2.0 cm. The delicate 
surface mycelia of "A" often coiled for great distances about 
the hyphae of the opposing culture (Pig. 8). Twelve to four­
teen hours after contact, oogonial Initials appeared as 
Fig. 8. Coiling parasitic 
hyphae of "A" 
culture. 
Fig. 10. Antheridia and 
oospores of "B". 
Fig. 9» Appressoria of 
"A" culture para­
sitizing oogonia 
of "B" and result­
ing lysis of 
oogonia of "B". 
Fig. 11. Appressoria-like 
enlargement and 
coiling hyphae of 
"A" on membrane 
surface. 
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teftslnal ^argemexits cm short lateral hyphae of "B**. The 
tnitial ixier««sed steadily In size and granularity| a basal 
s«ptitffi was laid down, and after a slight laereas© in thick-
nets of th© wallf the oogmiiffl was mature. Th© laatnration 
of oogmia was ee^ipleted four to eight hours after Initial 
forffittlois# fhe resulting oogonia were teminal or inter­
calary, spherical to slightly aspherlcal, 12»3*20«0 microns 
in diaiBster, air©rage 16*6 ^ Icrcais, coarsely to moderately 
granular with a thin wall 0.5-l»0 microns thick# 
Thirty-siJc hoiars after contact anth©rldla-lik9 stmctnres 
were observed atttMing the previoissly formed oogonia (Fig. 
9)* These structures originated from either the delicate 
coiling hypha© at the stjrface of the culture or from normal, 
intra®8trleal hyphae of "A" culture. Th® antherldia-like 
structures were actually appressoria developed by "A" culture. 
When associated with oogonia these structures were often 
ladistlnguishahle, except for the frequent absence of a basal 
septuro, frm the antheridla fonned by "B" culture later in 
the association* The appressoria associated with oogonia 
were clavate to clavate-crook-neckod, 7»0^.5 Eicrons by 7*0 
to 12*0 microns, one to as many as eight per oogonium, and 
intimately attached to the oogemia by coiling hyphae, which 
often c<^pl®tely covered the sex structure. A successive 
fonastlon of oogonie by "B" culture extending toward its 
iaoculati^ point continued for thirty-six to sixty hours* 
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During the later part of this time period if the area in a 
radius of 1,5-2,0 cm. surrounding the "B" inoculation point 
was examined closely, antheridia were seen attending the 
most recently formed oogonia of "B". These antheridia 
originated from "B" mycelium. They were clavate to clavate-
crook-necked, 6,5-8.5 microns hy 7*0-12«0 microns diclinous 
or Bonoclinous, one to three, usually one to two per 
oogonium. 
Following discharge of the antheridial contents into 
the oogonial protoplasm, maturation of the oospore proceeded 
normally. The ooplasm pulled away from the oogonial wall 
revealing an irregular margin. The margin thickened rapidly 
during maturation, forming an oospore wall 1.5-2,0 microns 
thick, (Fig. 10), Although the oospore usually differenti­
ated an acentric reserve globule, its contents sometimes 
presented a characteristic lumpy appearance throughout. The 
oospore often lay acentrically within the oogonial wall, 
withdrawn to the side opposite the point of penetration of 
the fertilization tube. As was outlined previously, mutual 
inhibition of growth and parasitic action by appressoria of 
"A" were coincident with stimulation in dual culture. Both 
mycelium and sex structures of "B" were parasitized and 
occasionally mycelium originating from appressoria pene­
trated these structures and appropriated their contents. 
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Concurrent with the parasitism of "A" a general disor­
ganization and lysis of the mycelium and sex structures of 
"B" was detected. These affected areas although sometimes 
showing evidence of parasitism, in the majority of cases 
showed little physical contact between the mycelia of the two 
cultures. 
The lytic action of "A** culture in the absence of hyphal 
contact was best demonstrated in membrane crosses. Under 
these conditions a lytic action identical to that in dual cul­
ture was evidenced in "B". Increase in the length of associa­
tion produced a corresponding increase in the Incidence of 
lytic action. The normal maturation of oospores was often 
interrupted. The ooplasm of such individuals became vacuolate, 
large almost transparent oil globules collected at their cen­
ters and within a day or two their contents broke down complete 
ly leaving an empty shell. If wall formation in the oospore 
had progressed almost to completion a normal oospore was 
matured although lysis of mycelium and Immature sex structures 
took place rapidly in the area surrounding it. 
Growth Habit and Morphology in Membrane 
Matings of "A" and "B" 
To determine if a metabolic product produced by one of 
the cultures was operative in stimulating sexual reproduction 
in the other, experiments, similar to those designed by 
Burgeff in 192^ (3), were performed. Preliminary experiments 
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using a dialysis roembrane^ demonstrated that neither culture 
penetrated th® isembrane, but grew rapidly over its surface, 
showing adequate osmosis of nutrients through the membrane. 
Dialysis membranes were sterilized in seventy per cent 
ethyl alcohol for about one minute and then rinsed in five 
separate changes of sterile distilled water. The membrane 
was then placed on the surface of a two-day old agar culture 
of "B" and two agar discs of "A" culture placed opposite each 
other on the membrane approximately 2 centimeters from the 
center of the plate. After storage for twenty-four hours at 
twenty degrees Centigrade, "B" culture was examined for stimu­
lation in th® area beneath the disc of "A". Spherical bodies, 
borne apically on short lateral hyphae, were found immediately 
beneath the agar disc of "A" but not elsewhere on the plate. 
Proof that these bodies were actually oogonia was supplied 
by the appearance of antheridia in "B" culture. These antheri-
dia were identical in sisse and habit to those produced in dual 
culture. Tftiion of antheridia and oogonia, escaping the lytic 
action of "A", produced normal oospores. 
The mycelium of "A" on the surface of the membrane was 
extremely limited and showed an intensification of the undulate 
or coiling habit found in single culture (Fig. 11). Occasion­
ally the apices of these hyphae enlarged appreciably producing 
^Dialyzer membrane, Cenco 70158. 
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structures similar to appressoria. The restricted growth, 
coiling and terminal hyphal enlargements were found only in 
membrane-crosses of tmlike cultures. 
19 
BMIROHHEWT AW STBIULATION OF FOR!.!ATIOH 
OP SEX STRUCTURES IN DUAL CULTURE 
The environmental conditions under which stimulation 
of sex structures was enhanced or depressed must be investi­
gated before attempting to produce or assay extracts, frac­
tions and filtrates containing the stimulatory substance. 
This section presents a study of the effect of certain environ­
mental factors on growth of "A" and "B" and on stiimlation of 
sex structures in dual cultures of "A" and "B". The basic 
medium used in the majority of the following experiments was 
a two per cent water agar supplemented with one-hundred micro­
grams of thiamin hydrochloride# Stimulation in membrane-
cross and dual culture was judged by counting the number of 
oogonia in ten randomly selected lOOX fields in the area of 
stimulation in each plate. Single cultures of "A" and "B" 
with and without membrane depending upon the experiment were 
used as checks on all experiments. 
Relation of Temperature to Formation of Sex 
Structures and Parasitism in Dual Cultures 
Temperature has a marked effect on growth in single 
culture and on sex stimulation in mixed culture. Growth meas­
urement of "A" and "B" were made on com-meal agar by the 
method described by Middleton (12). The average growth of 
the cultures in millimeters over three successive twenty-
four hour periods was determined. All growth determinations 
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were mad© in duplicate. The growth curves obtained for cul­
tures "A" and "B" were identical. The optimum temperature 
for growth was 30®C, maximum 35-37®C and minimum 2-3®C (Pig. 
12). Qrowth, using the basic medium, although less rapid 
showed idsritical optima, maxima, and minima. 
Temperature influenced the intensity of stimulation of 
sex structures in dual cultures of "A" and "B" (Fig. 1^ ). 
The optimum temperature for stimulation on basic medium was 
in the range of 15-2^°C# At 30®C the growth rate of both 
cultures was rapid and differed only slightly from the growth 
rate at 20®C| however, the number of oogonia stimulated to 
form in such a culture was only about one-tenth the number 
found at 20*^ . No stimulation occurred at 5°C. 
The effect of temperature on the ability of "A" to induce 
oogonia formation and its effect on the receptivity of "B" 
to stimulation was investigated in the following manner. 
Cultures of "A" and "B" were grown for four days at 10# 15» 
o 
20, 25, and 30 C on basic medium adjusted to pH 7*0» Dupli­
cate membrane-crosses, in all possible combinations of the 
cultures grown at the six temperatures, were made and placed 
at 20®C for twenty-four hours. Membrane-covered cultures of 
"A" and "B" were used as checks. After this period the areas 
of stimulation were examined and the extent of stimulation 
determined. 
Fig, 12, Influence of temperature on growth rate of "A" and "B" and stimulation of 
formation of sex structures in dual culture. 
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stimulation was intense, moderate, slight, or nonexist­
ent depending upon the temperature at which the mated cultures 
had been grown (Fig. 13). The receptivity of "B" culture to 
stimulation was very limited to nonexistent at 5°C, increased 
rapidly to a maximum at 20°C and fell off rapidly in the 
25-30®C range where stimulation was comparably as low as that 
found in the 5*^ range. This stimulation-temperature pattern 
was almost identical to that shown in dual cultures under 
similar temperature conditions. 
fhe optimum temperature for production of the stimula­
tory substance by "A" was in the 20-30OC range* The 
and IQOC cultures of "A" showed a very low level of stimula­
tory activity especially in combination with "B" cultures 
grown at the three lower temperatures. An interesting inter­
action was evident in the combinations using the culture 
of "A" as stimulator. Although the number of oogonia formed 
by "B" was low, when mated with this "A" culture, the degree 
of stimulation corresponded to the relative responses of the 
"B" culture at the various temperatures tried. Comparison of 
growth, stimulation and receptivity curves of "A" and "B" 
showed some interesting differences. The stimulation curve 
of "A" paralleled its growth curve. On the other hand the 
growth curve of "B" and its receptivity curve paralleled each 
other in the lower temtierature range, but differed tremendous-
Flg« 13* Influence of temperature on the ability of "A" to stimulate and the 
receptivity of "B" to stisralation. 
30 OOOONIA/IOOX 
FIELD 
20 
MEMBRANE CROSS OF FOUR-DAY OLD CULTURES 
6RpWN AT DIFFERENT TEMPERATURES 
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/ 
ly in higher range where growth wa^ optimm but receptivity 
was Biinimuin. 
If an "A" culture was grown at 25®C, near the optimum for 
the production of the stimulatory substance, and then sub­
jected to temperatures of 33-35^0 for twenty-four hours, the 
activity of the culture in stimulating oogonia development 
in "B" was completely destroyed. The mycelium underwent no 
apparent deleterious physical effects and remained viable as 
shown by renewed growth of the culture when placed at 20°C 
for one to two days. Similar heat-treatment of "B" cultures 
grown at 20°C destroyed their receptivity to stimulation. 
The temperature at which dual cultures were grown also 
influenced the amount of growth inhibition and parasitism 
found in the area of association between cultures (Fig. 1^). 
f^rasitism for the most part paralleled the stimulation of 
sex structures in the temperature range investigated. Devia­
tions from the curve were noted in the high and low range. 
In these ranges, ^-10°C and 25~30°C mutual growth inhibition 
rather than parasitism predominated. 
At all temperatures a lysis of the mycelium and sex 
structures of "B" was consistently observed in dual culture 
and seKbrane-crosses. Three-day old agar cultures of "A", 
grown at 5) 10, 15, 20, 25 and 30®C, were mated with agar 
cultures of "B" grown at 10®C for a like period of time. 
The temperature for the culture of "B" was chosen primarily 
because of the lower level of receptivity of "B" culture to 
Fig, iV. Comparison of the effect of temperature on stimulation and 
parasitism in dual culture. 
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stimulation and th® adequate growth of "B" at that temperature, 
A low level of oogonia fonnation was desirable to rule out 
the breakdown of Eiycellm Incidental to the formation of sex 
structures. The mated cultures were stored at 10°C for four 
days after which time they were examined for evidence of lysis 
in the "B" layer. The amount of normal mycelium in the area 
of treatment was greater in the lower range of temperatures. 
Little to no deterioration of "B" mycelium occurred when the 
"A" culture mated with it had been grown at 5-10°^. Above 
10°C the amount of lysis of "B" increased rapidly to very 
severe destruction in the 25-30®C range. The amount of lysis 
agreed roughly with the amount of stimulation of sex struc­
tures in the various crosses. 
Further experiments of a similar nature showed that temp­
eratures of approximately 33-3although not killing the 
"A" culture could completely remove the lytic agent. Agar 
cultures of "A" grown for three days at 20®C were subjected 
to a temperature of 35°C for twenty-four hours. The treated 
"A" cultures were mated with a "B" culture grown at 20°C for 
the complete time period of four days. Mated cultures were 
then examined for signs of lysis in the "B" area. Strangely 
enough, stimulation of growth in the "B" layer resulted from 
the above mating. No stimulation of formation of sex 
structure was visible. This was in direct contrast to the 
usual inhibitory Influence of "A" on vegetative growth of 
30 
•*1". The stimulation of vegetative growth was more evident 
when an untreated "B" culture was placed on the surface of a 
membrane covered heat-treated "A" culture. Twenty-four hours 
after placing a "B" culture on the surface, the mycelium had 
completely covered the membrane. "B" mycelium in untreated 
membrane crosses was by contrast extremely limited. Experi­
ments using heat-treated "B" cultures and untreated cultures 
of "A" showed an identical stimulation of vegetative growth. 
Heating of cultures "A" and "B" to temperatures of ^ 0-
showed the apparent effect of killing and the resultant 
lysis of the mycelium. Heat-killed cultures of "A" and "B" 
mated against living cultures of the opposite type induced 
the formation of appressoria-like, distorted, highly branched, 
vacuolate hyphae in the treated area. The rate of growth of 
the viable culture in the membrane cross is greatly accelerated, 
as was the case with heat-treatment at 35°C, covering the 
entire membrane in a matter of eighteen hours. The increase 
in growth rate and the mycelial abnormalities were found only 
in crosses of unlike cultures. Mating of heat-treated cul­
tures with viable cultures of the same type induced none of 
the above growth or mycelial abnormalities. 
Relation of pH to Formation of Sex Structures 
and Parasitism in Dual Cultures 
Adjustment of the reaction of media to approximate 
neutrality had a beneficial effect on the rapidity and extent 
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of stimulation of sex structures in dual culture. A modified 
Cisapek's solution, in which stimulation would take place in 
dual culture, was used as the liquid medium. The mineral 
concentration was one-half that of standard Czapek*s solution 
and 0.5 gm. of glucoseA. added as carbon source. The medium 
was further supplemented with 100 micrograms/1, of thiamin 
hydrochloride# After autoclaving the pH of the mediiam was 
adjusted aseptically with 0.1 U HaOH or 0.1 H HCl. Two-day 
old agar cultures were used as Inoculum. PH values of 
liquid cultures were determined with a Beckman meter. Colori-
metric indicators, phenol red, bromcresol green, and bromthymol 
blue, were used to follow pH changes In solid media. Although 
the accuracy of these indicators was only approximately -0.5 
pH units, their use was valuable as a check on the pH changes 
in the liquid cultures. 
The initial pH values of liquid and agar cultures were 
5.0, 5.5| 6.0, 6.5, 7-0, 7.5 and 8.0. Twenty-four hours after 
inoculation of the liquid cultures, sufficient growth had 
developed so that the hyphae of the "A" and "B" cultures 
could be jsoved Into contact with each other. This procedure 
placed the hyphae of the two cultures in intimate contact and 
variations in time of association due to differences in 
growth of the cultures was eliminated. Three single and three 
dual cultures at each of the pH values were examined daily 
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for stimulation of sex structures and reaction of the 
substrate. 
Those cultures in which the initial pE was 7«5 or greater 
produced oogonia twenty-four hours after contact, Table 1. 
At initial pH values of 7.0 or less one to two additional days 
were required for stimulation although the hyphae of the two 
cultures were in intimate contact. The final pH at which 
stimulation took place in dual cultures was always 7*0 or 
above. On agar media penetration of both cultures into their 
opponents was more extensive In the alkaline range and 
resulted in a greater area of stimulation of sex structures. 
Ho stimulation was observed in single cultures of "A" and "B". 
The rate of growth of single cultures on agar or liquid media 
did not differ appreciably at the different pH values. 
Table 1. Effect of pH on Stimulation and Association 
in Dual Cultures of "A" and "B" 
Initial pH Final pH* * Stimulation, days Area of 
after first contact association 
8,0 8.3 1 2oNm, 
7.5 8.1 1 20 mm. 
7.0 2 23 mm. 
6,5 7.2 2 22 mm. 
6,0 7.3 2 11 mm. 
2'5 6.9 3 8 mm. 
7f2 3 5, mf 
apH at which stimulation of sex structures was first 
noted 
^^pth of association of cultures "A" and "B", observa­
tions on agar cultures four days after contact 
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In general a medium of alkaline reaction lessened growth 
iiAibition in dual culture, allowing a more extensive area of 
association, and delayed or generally alleviated the parasi­
tism and associated lytic action induced by "A" culture. In 
dual culture on alkaline media a more complete penetration 
of "B" culture by the mycelium of "A" and to a leaser extent 
a more extensive penetration of "A" into "B" occurred. On 
media of slightly acid reaction, pH 6.0-6.5, "B" culture 
penetrated very sparsely for distances not over one to two 
millimeters. By contrast, identical dual cultures on alkaline 
media penetrated "A" for distances of 0.5-l«0 cm., sometimes 
even further in isolated areas. Correspondingly, although "A" 
penetrated "B" culture i^ith relative ease on neutral to slight­
ly acid media, the abundance of its mycelium and the depth of 
its penetration into the "B" area was greater on media of 
alkaline reaction. The colling of hyphae of "A" about the 
mycelium of "B" and appressoria formation, which took place 
rapidly in unadjusted media, was delayed one to three days 
under alkaline conditions. The usual lysis and disorganization 
of "B" mycelium and sex structures were delayed for a like 
period but the formation of sex structures in "B" was more 
rapid and more intense. 
An "A" culture grown on agar media of pH ?•5-8.0 for 
three days when membrane-mated with a culture of "B", pH 6.0-
6,5» of identical age, induced a more intense and extensive 
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stimulation of sex structures and less lysis of laycelium 
and developing oogonia of "B". Similar crosses on slightly 
acid media e3diibited extensive lysis of mycelium and develop­
ing oogonia# Th© usual restricted growth of "A" culture on 
the surface of the membrane was unchanged. If a membrane-
covered culture of "A" on alkaline media was mated with a 
slightly acid culture of "B", the effect of the alkaline 
conditions present in "A" culture was apparent# "B" mycelium, 
which is usually severely restricted in membrane-crosses 
under slightly acid conditions, grew normally and produced 
much more growth than was usually found in crosses in which 
both cultures were slightly acid in reaction. 
Relation of Carbohydrate and Hitrogen Sources 
to Formation of Sex Structures and 
Parasitism in Dual Cultures 
Barly culture work showed that the addition of carbo­
hydrate and nitrogen nutrients, whether organic or inorganic 
in nature, to media in which dual cultures were to be grown 
severely depressed or prevented stimulation of formation of 
sex structures. Since the growth of cultures "A" and "B" 
was usually more dense and rapid on the supplemented media, 
experiments were undertaken to test the effect of concentra­
tion and type of nutrient added on stimulation of growth and 
formation of sex structures# 
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Carbohydrates 
The effect of the concentration of a single sugar, glu­
cose, on stiBUlation of growth and formation of sex struc­
tures in dual and single cultures was investigated in the 
follwing raanner. The basic medium was supplemented with 
itO.O, 30.0, 20.0, 10.0, 5*0, 2.5, 1.25, 0.62, 0.31 and 0.00 
g./l. glucose. Dual and single cultures of "A" and "B" were 
inoculated to these media in triplicate and examined daily 
for stimulation. At 1.25 g*/l. glucose and above, stimulation 
in dual culture was delayed at least five days if it occurred 
at all. The two levels below 1.2^ g.A. gave as rapid stimu­
lation as the water agar check. The 10.0, 20.0, 30.0, and 
ifO.O g./l. levels completely inhibited stimulation. The iny-
celia of both organisms in such dual cultures remained vege­
tative for forty-five days or longer and normally the mycelium 
at this time had become extremely vacuolate or completely 
empty. Chlamydospores were formed very sparingly and were 
never observed to be attended by antheridia. The rate of 
growth, as Jti^ged by visual inspection of agar cultures, 
differed little above the 5«0g./l. level. Below this level 
the amount of growth decreased most rapidly between the 5*0 
to 2.5 g»A» level and below the latter level no appreciable 
differences in growth rate could be seen. 
The above experiments indicated that above a certain 
level, stimulation of vegetative growth inhibited the forma-
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tlon of sex stpuetures in dual culture# If stimulation 
of vegetative growth was inhibitory to stimulation then other 
carbohydrates provided they stimulated vegetative growth or 
produced growth comparable to the water agar check would be 
expected to give similar results. However, if differences 
in stimulation were apparent between cultures to which carbo­
hydrates were added at one level and these differences were 
not attributable to growth rates then stimulation or the lack 
of it could be attributed to the carbohydrate source alone. 
Eleven carbohydrates were added singly at the rate of 
2#0 g,/l. to the basic medium. All single and dual inocula­
tions of "A" and "B" on each of the carbohydrate media were 
made In duplicate. Two-day old water agar cultures were used 
for inoculum and the cultures incubated at 20®C. (Growth rates 
of cultures "A" and "B" were determined on identical carbo­
hydrate supplemented media, incubated at 20*^0 for three days. 
The growth rates in millimeters were totaled and the average 
growth rate determined. The rates of growth differed as much 
as one and one-half centimeters in some treatments, therefore 
the amount of tlrae required for contact between cultures and 
stiEmlation of sex structures varied. All cultures were in 
contact two days after inoculation regardless of the media 
used. After contact the area of association of the cultures 
was examined for five succeeding days for stimulation. If 
stimulation had not occurred by this time the cultures were 
stored at 20®C and examined each week for two months. 
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Stimulation of sex structures or its absence in dual 
culture was not a function of stimulated or depressed vege­
tative growth caused by carbohydrate additions to the culture 
medium. The growth rates of "A" and "B" were almost identical 
and are therefore presented as one value. The majority of 
carbohydrate additives depressed the growth rate below that 
of the water agar check (Fig. 15). Only two cultures grew 
more rapidly than the unsupplemented check. These two cul­
tures > containing raffinose and sucrose respectively, have 
Identical growth rates (25 Bim/2^ hrs.) in single culture; 
however, their action in dual culture is completely opposite. 
On sucrose supplemented media, dual cultures exhibit no stimu­
lation after five days whereas in the media containing raffi­
nose, fifty oogoniaAOOX field were stimulated to form, two 
to two and one-half times that of the water agar check. On 
rlbose supplemented media the growth rate of single cultures 
differed only slightly from water agar checks, however stimu­
lation of sex structures was slightly higher than that found 
in the check. Glucose supplemented cultures had an almost 
Identical rate to that of rlbose. A comparison of stimulation 
of sex structures on the two media showed that the number of 
oogonia stimulated to form on the rlbose media was eight tiiaes 
that formed on glucose. Media supplemented with sucrose or 
lactose cmpletely inhibited stimulation in dual culture. 
Twenty-five to thirty day old cultures showed no stimulation 
Fig, 15. Effect of ten carbohydrate supplements on stimulation in dual culture 
and on growth rate of "A" and "B" at 20^ 0• 
MN = mannose 
GL r galactose 
A Z arabinose 
Ii * lactose 
M z maltose 
F s fructose 
B = rlbose 
G ~ glucose 
CH ss unsupplemented water agar 
C = unsupplemented water agar 
BF z raffinose 
S s sucrose 
GROWTH IN 24 HRS. 
MNs|2 MM. 
6L = I6 MM. 
A -\S.5 MM. 
6 =21.5 MM. 
CH:23 MM. 
RF -25 MM. 
S -25 MM. 
50 
40 OOQONIA/IOOX 
FIELD 
30 
20 
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of sex structures although the area of association between 
cultures was adequate and extensive. 
Supplementation of agar media with carbohydrate nutri­
ents, in general, decreased the stimulation of sex structures 
and the amount and intensity of parasitism and growth inhibi­
tion in dual culture. Dual cultures grown on agar media 
supplemented, for example, with sucrose at the rate of 2.0-
^^0,0 g.A. showed a surprising indifference to the presence 
of the opposing culture. Little inhibition of growth or 
parasitic action was discernible and cultures intermingled 
freely and extensively. In addition to the above effects, 
the area of association exhibited a marked stimulation of 
growth of both cultures. 
In the investigation of the effect of the various 
carbohydrates on stimulation of sex structures, it was noted 
that those media which stimulated the formation of sex struc­
tures, ex. raffinose, also stimulated in turn lysis of the 
mycelia and sex structures of "B" and the accompanying para­
sitism, Contrastingly, those media in which stimulation was 
poor or non-existent, ex. sucrose, showed none of these para­
sitic or inhibitory effects. Other carbohydrates incorporated 
in agar media were intermediate or indeterminant in effect, 
producing poor stimulation and little parasitism or growth 
inhibition. 
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Ccsaplex nitrogen products, amino acids, amonium and 
nitrate ccmpounds in general delayed, depressed or completely 
inhibited the formation of sex structures in dual culture. 
Complex nitrogen-containing nutrients such as vitamin-free 
casein hydrolysate and Dlfco Bacto-peptone were added sepa­
rately to the basic medium in 5«0, 2»5, 1»0 and 0.5 g./l. 
amounts. "A" and "B" were inoculated to these media in single 
and dual culture in triplicate. Complete inhibition of stimu­
lation In dual culture occurred at the 5*0 g./l. level and 
at the lower levels both the extent and the intensity of 
oogonia fonaation were seriously depressed. Oogonia were 
formed sparsely and the depth of the line of stimulation was 
materially reduced, in comparison to the water agar check. 
Ammonium sulfate, ammonium nitrate and sodium nitrate added 
in the same concentrations as above had essentially the same 
effect on stimulation. All cultures were adjusted to pH 7.0. 
fwenty amino acids were tested for their effect on 
stimulation of formation of sex structures in dual culture, 
fhe amino acids were added singly to basic medium which was 
adjusted to pH 7.0 after autoclaving. The effect of each 
amino acid medium was evaluated on four separate criteria, 
(1) the rapidity of stimulation after contact in dual cul­
tures, (2) the intensity of stimulation, (3) the amount of 
parasitism determined by the incidence of hyphal coiling and 
h2 
(k) penetration or area of association between cultures. 
Growth on all of the amino acids except one was better than 
or equal to that on the water agar check. This single amino 
acid, norleucine, inhibited growth of both "A" and "B" cul­
tures, 
Ho particular tjrpe of amino acid was found to be stimu­
latory in effect. Four amino acids, amino butyric acid, 
threonine, isoleucine and methionine, stimulated greater 
oogonia formation in dual culture than the water-agar check. 
Three other amino acids seemed to exert no influence on the 
stimulation. All other amino acids used, either inhibited 
stimulation completely or reduced it to a very low level 
(Table 2). 
Nitrogen additives were similar in action to carbohydrates. 
Extremely low amounts of nitrate depressed both stimulation 
and parasitism. However, in contrast to carbohydrate supple­
mented media, the area of association in dual cultures on 
media to which nitrate was added was limited to non-existent. 
Higher levels of nitrate, aggravated the condition and 
typically at these higher levels growth inhibition between cul­
tures was so extreiae that an area of one to two millimeters 
in width was unoccupied by either culture along a line in the 
center of the plate. 
Amino acid supplemented media on which stimulation of 
sex structures was best showed the greatest incidence of para­
sitic action and penetration or association of cultures. Media 
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Table 2. Effect of Amino Acid Supplements on Stimulation 
and Parasitism of "A" and "B" in Dual Culture 
Amino acids® Stimula­ Camber of Parasitism, 
hyphal coils 
Penetra­
tion, oogonia tion" 
days after in lOOX in lOOX field 
first field 
contact 
amino butyric 1 20-25® k if,0 cm. 
acid 
20-2 5^  threonine 2 k •^0 cm. 
isoleueine 2 15-20*1 k i+.O cm. 
methionine 3 15-20® k 2.0 cm. 
check, water 2 10-15® 2 1.5 cm. 
agar 
valine 2 10-15® 2 1.5 cm. 
phenylalanine 3 10-15® 2 1.0 cm. 
serine h 0-5 ® 0 0.8 cm. 
hydroxyproline 5 0-5 ® 0 0.5 cm. 
aspartie acid ? 0-5 1 0 0.5 cm. 
cysteine-BCl 6 0-5 ® 0 0.2 cm. 
glutamic acid 6 0-5 ® 0 0.3 cm. 
alanine 0 0 0 
asparagine 0 0 0 
lysine «• 0 0 0 
hlstidlne • 0 0 0 
glycine - 0 0 0 
arginine 0 0 0 
proline * 0 0 0 
tryptophane - 0 0 0 
norleuclne" 
®1.0 g,/l» added to 2% agar, pH 7*0, 20°C, 100 micro­
grams thiamin 
b 
Association of "A" and "B" cultures six days after 
first contact 
®Area of stimulation, diameter of the plate 
Area of stimulation diffuse, spotty 
®Area of stimulation at the periphery of the plate 
^This amino acid did not permit growth of "A" and "B" 
which depressed stimulation correspondingly depressed associa­
tion and parasitism. Seven amino acids produced results 
comparable to that of nitrate. Dual cultures on these media 
showed little penetration or association and occasionally con­
tact between cultures was prevented. Parasitism and stimula­
tion of sex structures were absent on these media. 
Relation of Titamins to Formation of Sex Structures 
and Parasitism in Dual Cultures 
Vitamins were added both singly and in combination to 
an agar medium containing 0*5 gm, glucose/liter. The amounts 
of vitamin added were as followst 
biotin, .100 micrograms/liter 
choline chloride. ....•••• .^0 micrograms Alter 
folic acid .1.0 milligrams/liter 
i-inosltol. . . .... .5*0 milligrams/liter 
nicotinic acid. ......... .1.0 milligrams Alter 
pyridoxine hydrochloride .100 micrograms/liter 
para-amino benzoic acid . . . . • .600 micrograms/liter 
riboflavin. 300 micrograms/liter 
thiamin .ICX) micrograms/liter 
All vitamins except l-inositol, riboflavin, and folic acid 
were dissolved in seventy-per cent ethyl alcohol which served 
to cut down the possibility of contamination. The remaining 
three, i-inositol, folic acid, and riboflavin were dissolved 
in water or ninety-five per cent alcohol depending upon their 
solubility characteristics. All vitamins were added asepti-
cally after autoclaving. 
In these treatments only thiamin stimulated growth and 
stimulation above that found in the water agar check. Since 
at "best agar is known to be contaminated with thiamin and 
biotin and other unknown growth factors a synthetic medium 
^'as used. A basal glucose-asparagine medium supplemented 
with thiamin and other growth factors was used and thiamin 
was found to be the only vitamin necessary for growth of 
"A" and "B", The carbohydrate and nitrogen content of the 
media were too high to give good sporulation in mixed cul­
ture, 3^ single culture "A" and 'B" were found to be 
heterotrophic for thiamin, no growth or only trace amounts 
resulting when the vitamin was not included in the media. 
Relation of Age of Cultures "A" and "B" to 
Formation of Sex Structures in Dual Culture 
Variation in the amount and intensity of stimulation 
found to occur in dual cultures and membrane mating initiated 
investigation of culture age as it effected stimulation in 
dual culture. Cultures of "A" and "B" of various ages were 
membrane-mated and the extent and intensity of stimulation 
determined. Cultures of "A" and "B", one to five-days old 
were mated in all possible combinations. 
The receptivity of "B" increased with age up to four 
days, falling off slightly at five days (Fig. l6). The 
effectiveness of "A" as stimulator increased in the one to 
two-day old cultures, decreased at three days in all matings 
except one, increased again at four days and fell off slight­
ly again at five days. This deviation of the three-day old 
Fig. 16» Membrane-crosses of cultures "A" and "B", one to 
five-^ays old (age of "B" culture on right side 
of figure). 
AGE OF "A** CULTURE, DAYS 
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"A" culture could not be explained. Repetition of the 
experiment gave almost identical results although the decrease 
was not as marked, 
The capacity of "A" to stimulate oogonia formation and 
the receptivity of "B" to such stimulation is not completely 
lost after two to three weeks in culture* "B" culture at 
this age had formed numerous chlamydospores. fhe mycelium 
was generally quite septate, vacuolate and empty and little 
vegetative mycelium was in evidence. When such a senescent 
culture of •'B" was covered with a dialysis membrane and an 
agar disc of "A" of like age was placed upon it, increased 
growth and formation of sex structures was observed, Idmited 
new growth of mycelium was stimulated which seemed to be 
primarily antheridial hyphae. These hyphae later formed 
antheridia which fertilized the oogonia (chlamydospores) and 
normal oospores resulted. Limited ntambers of new oogonia 
might be formed depending on the age of the "B" culture and 
these were also fertilized by antheridia which were stimu­
lated to form. 
Accompanying this increase with age in stimulatory powers 
of "A" was a simultaneous increase in the lytic action of "A" 
on "B", 
Using membrane crosses it was possible to observe the 
effect of the age of cultures "A" and "B" on the vegetative 
growth of their opposites. As the age of either culture 
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increased, inhibition of vegetative growth of its opponent 
increased correspondingly, Pive-day old cultures of "A" mated 
with "B" cultures one to five«-days old produced quite exten­
sive growth on the membran© surface when in combination with 
one--day old cultures of the latter. As the age of "B" was 
increased the growth produced by "A" became progressively 
more restricted until when mated with a culture of identical 
age the growth of "A" was confined to an area of only one 
to two millimeters surrounding the culture. Identical results 
were obtained in matings of "B" cultures with one to five-
day old membrane-covered cultures of "A", 
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EXPERIMENTS WITH STIMULATORY FILTRATES AND EXTRACTS 
The behavior of organisms "A" and "B" in dual culture, 
the environmental conditions under which "B" responded to 
stimulation and under which "A" produced the greatest amount 
of stimulation had been investigated and circumstantial 
evidence of a dialyzable, stimulatory substance produced 
by "A" had been shown. This stimulatory factor was assumed 
to be water-soluble since it readily passed the dialysis 
membrane in membrane-mated cultures. 
Agar Culture Extracts 
Simple water extracts of "A" and "B" were prepared by the 
leaching of agar blocks of the two cultures for twenty-four 
hours, filtering the leachate through a bacteriological filter, 
and flooding or spotting a test culture with the filtrate. Fil­
trates obtained in such a manner were capable of inducing 
stimulation but the level of stimulation was far below that 
found in dual culture on agar plates* Other filtrates of 
low activity were obtained by freeze-thaw dehydration of 
agar cultures and leaching of filter paper into which the 
stimulatory substance had been allowed to diffuse, separated 
from actual contact with the cultures by a dialysis membrane. 
Extracts in which the treatment had resulted in extensive 
destruction of the mycelium of "A" gave accessory abnormal 
effects manifested in abnormalities of mycelium and actual 
lysis of a percentage of the mycelitiin. Stimulation of sex 
structures only occurred in combinations of "A" filtrate with 
"B" culture and other filtrates and combinations were in­
active. 
Mycelial Extracts and Culture Filtrates 
froBi Synthetic Medium 
Filtrates derived by the above methods, although possess­
ing demonstrable activity, were considered to contain too 
little of the stimulatory substance to warrant serious con­
sideration* It was deemed essential that a medium should 
be found in which elaboration of the stimulatory substance 
was both rapid and abundant. A greater portion of the stand­
ard culture media were ruled out because of excessively high 
earboh:/drate and nitrogen content. However the possibility 
was not ignored that modifications of these nutrient media 
might be valuable as substrates for production of the stimu­
latory substance. It was also recognized that the stimulatory 
substance might be elaborated rapidly on media of high 
carbohydrate and nitrogen content, however detection of its 
production, by assay procedures used, would be difficult if 
not impossible due to the masking influence of low concen­
trations of carbohydrates and nitrogen compounds. 
For preliminary Investigation a modification of standard 
Czapek's nedium was used for culturing the fungi. The standard 
mineral content of the medium was diluted to one-tenth its 
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original concentration. 1.25 g./l. of glucose was added as 
carbohydrate source and the medium was supplemented with 
100 micrograms of thiamin per liter. This sugar concentra­
tion although very low allowed sufficient growth and in dual 
culture stimulation of sex structures occurred. The rapidity 
and intensity of stimulation in dual culture in liquid xaedia 
was poor either as a consequence of the physical nature of 
the Eiedium or physiological response to poor aeration. 
Modified Czapek's medium, solidified by addition of two pep 
cent agar, showed excellent growth and although stimulation 
was again delayed, it was more intense and rapid than in 
liquid culture. 
Single cultures of "A" and "B" were grown in the liquid 
medium described above and incubated at 20®C, Two-day old 
water agar cultures were used for inoculisB. Filtrates of the 
culture medium and extracts of the mycelium were made at two, 
four, six and eight-day intervals. Water extracts of the 
mycelium were prepared by grinding the washed mycelium in 
a mortar with ten milliliters of distilled water and a small 
quantity of white sand. The grotmd mycelium-water mixture 
was clarified by filtration and the clear filtrate passed 
through a bacteriological filter. Filtrates of the culture 
medium were prepared in an identical manner. Both mycelial 
extracts and culture filtrates were assayed separately for 
activity by flooding two-day old water agar cultures with the 
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two filtrates or by saturating absorbent paper discs with 
the filtrates and applying these directly to the surface of 
a culture. 
Mycelial extracts were consistently inactive in stimu­
lation of sex structures and produced abnormal Inflated den­
dritic mycelium and spherical Inflated hyphal elements when 
cultures of either "A" or "B" were treated with filtrate of 
opposite type, This abnormal stimulation was identical to 
that obtained In freeze-thaw and heat-treatment experiments 
described earlier, where extensive destruction of mycelium 
resulted frc» treatment. Culture filtrates by contrast show­
ed quite good activity and none of the abnormalities of 
mycelial extracts. Stimulation of sex structures took place 
In "B" cultures treated with culture filtrates six to eight-
days old, however, no stimulation was evident in preparations 
two and four-days old. fhe level of stimulation was moderate, 
t€ai to seventeen oogonla per lOOX field. This stimulation 
although low was two to three times that of previously describ­
ed filtrates and extracts. 
Culture Filtrates from Organic Medium 
Stimulation of sex structures on potato-decoction agar 
was delayed five to ten days over water agar cultures, how­
ever stimulation in dual culture when appearing was excellent 
and many normal sex structures were formed. 
5^  
The cult tire medium was prepared by autoclavlng peeled | 
diced, white potatoes for forty~five minutes in five hundred 
milliliters of distilled water, filtering the liquid portion 
of the medium, adding water to one liter, supplementing the 
medium with 100 micrograms of thiamin, and autoclavlng the 
complete medium for an additional fifteen minutes. The 
InocultSffi was cut from the margin of a water agar colony with 
a number 5 cork borer and cultures were incubated at rocan 
temperature, 20-2^^G, All cultures were given an initial 
incubation period of twelve hours after which the growth 
period in days was calculated* Mycelial mats from three 
cultures were removed, washed with three rinses of distilled 
water on a filter paper disc in a Buchner funnel, and dried 
in hot air oven at 100®C for twenty four hours. Weights were 
determined on analytical balance. The culture liquid from 
the three plates was combined and pH value determined* Ten 
milliliter aliquots of culture liquid were passed through a 
bacteriological filter and applied to three two-day old 
membrane-covered cultures of "B" with assay discs saturated 
in the sterile filtrate. The membrane served to exclude ar^ 
possible contamination of the assay culture either by air­
borne contaminants or by chance contamination of the assay 
disc and eliminated the usual pattern left by an assay disc 
when placed directly on the soft agar surface. Each assay 
disc held approximately one milliliter of liquid when com 
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pletely saturated. Assay discs were placed in pairs on agar 
plates of "E" at the mid-point on a radius from the center of 
inoculation to the margin of the culture dish. The assay 
discs were left in contact with the nieBibrane-covered cultures 
for four days at which time they were removed and the amount 
of stimulation calculated by counting the number of oogonia 
in the treated area. Starch was detected in culture medium 
by IpKI reagent, reducing sugars by Aglf03 reagent (21) and 
amino acids by ninhydrin reagent (20), Ten milliliters of 
culture media were evaporated under reduced pressure to one 
milliliter final volume, 10 microliter aliquots of the con­
centrated culture filtrate were spotted on Whatman Ifo. 1 
filter paper, dried and sprayed with the above reagents. 
Filtrates of culture media showed measurable stimulation 
three days after inoculation (Fig. 17). The stimulation 
increased steadily to an or>timum on the fifth day. Coinci­
dent with the appearance and increase in stimulation was 
the disappearance of detectable reducing sugars and amino 
acids in the culture medium. The cultures were in the auto-
lytic phase of growth and the culture medium was alkaline in 
reaction during the period of increase in assayable stimula­
tion. Although the alkaline reaction of the medium might 
have been operative in the initial increase of titer of the 
stimulatory substance, the disappearance of nitrogen and 
carbohydrate nutrients from the media and the increased 
Pig. 17• Belation of growth rate, reaction of medium and utilization of nutri­
ents to activity of filirat© in stimulation# 
N- s negative test for amino acids 
C- = negative test for reducing sugars 
M6. MYCELIUM PRODUCED .'V CUUURE 
NO. OOQ ON IA PRODUCED/ML. CULTURE FILTRATE "A" 
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receptivity of "B" culture to stimulation under these 
conditions was of greater importance. 
Iffect of pH on Filtrate Activity 
Since alkaline culture medium in liquid culture using 
Czapefc's medium and in agar cultures increased assayable 
activity, experiments were performed to determine whether 
adjustment of the pH of the filtrate derived from potato de­
coction cultures of "A" would respond to adjustment of the pH» 
Five-day old cultures of "A", pH 7*5> grown on potato decoc­
tion medium were filtered to remove the mycelial pads. The 
filtered culture medium was adjusted to pH ^ .0 with 0.1 I? 
hydrochloric acid and by successive addition of 0.1 N sodium 
hydroxide pH values of the filtrate were adjusted to ^ .0, 5*0» 
6.0, 7*0 and from 7*0 to 10.0 at intervals of one-half pH 
point. Assay discs were saturated in the filtrate adjusted 
to the various pH values and applied to membrane-covered 
three-day old agar cultures of "B". Readings of stimulation 
were made at two-days after treatment. Those cultures treat­
ed with filtrate adjusted to pH values in the acid range or 
at neutrality produced poor stimulation of sex structures or 
none at all in the range below 7*0 (Fig. 18). Adjustment of 
the pH to alkaline values gave increasing stiumlation up to 
pH 9.5 where stimulation fell off appreciably due to a lytic 
action evidently brought about by the excessively high pH 
Fig. 18# Relation of pH of "A" cnlture filtrate to 
stiffiulation. 
4.0 5.0 6.0 7.0 SO 9.0 10-0 PH 
EFFECT OF ADJUSTED PH OF V 
FILTRATE ON OOSONIA FORMATION 
S-DAY-OLD "A^.PD, PH 73 AT TIME 
OF FILTRATION 
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The condition of the mycelium and sex structures in cultures 
treated with filtrate adjusted to pH range 8.0-9*0 was 
excellent. No lysis of the mycelium was evident and under 
alkaline conditions the sex structures induced to form showed 
little evidence of any lytic action# Filter discs treated 
with distilled water adjusted to alkaline and acid pH values 
identical to those used above showed no stimulation and in 
the extreme range of ^#0 and 10,0 brought about lysis of the 
mycelium. 
Ion-exchange of Culture Filtrate 
Culture meditm from five-day old "A" cultures grown on 
potato decoction media was filtered through a No, 2 filter 
paper and then subjected to ion-exchange. Anion and cation 
columns were run in tandem using Amberlite IR-UB(0H») and 
IE*120-(H») resins respectively. The columns were fashioned 
to handle small volumes of liquids and had a bed volume of 
five milliliters each. Ten milliliters of media were passed 
through the colraans and the columns were washed in tandem 
with forty milliliters of distilled water and the neutral 
fraction collected. The anion column was eluted with four 
bed volumes of 0,1 H BCl (20 ml,) and cation column with the 
same volume of N NI^OH, All eluates were adjusted to pH 8,0 
by addition of acid and/or base, filtered and spotted with an 
62 
assay disc on tvo«-d[ay old water agar plates of "B" covered 
with a dialysis siembrane. 
Stiamlation of sex structures induced by such treatment 
was read three days after treatment by counting the number 
of oogonia in five random fields in each area of treatment# 
The neutral fraction alone showed measurable activity, stimu­
lating on the average formation of 15 oogonia/lOOX field. 
Anion and cation fractions were ccsapletely inactive. Com­
parison of the activity of the untreated culture filtrate 10 
oogonia/lOOX field with the neutral fraction showed little 
advantage in ion exchange of filtrates as a means of increas­
ing the activity stiraulating agent. However a considerable 
increase in activity could be assumed if the dilution of the 
neutral fraction to four times its original volume was taken 
into account. 
Attempts to concentrate the neutral fraction at reduced 
pressure and temperatures of C and increase its potency 
in stiamlation of sex structures resulted in destruction of 
the stimulatory activity of the filtrate. 
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DlSCtBSION 
Cultures "A" and "B" are sterile in single culture and 
produce spherical reproductive bodies# The spherical struc­
tures formed by "B" were shown to be potential oogcmia, This 
potentiality was only expressed when "B" culture was grown 
in association with "A". Under this condition "B" mycelium 
was influenced to form antheridia and oogonia whose union 
resulted in normal oospores. Similarly sex structures occurred 
in membrane-matings of "A" and "B" culture illustrating the 
existence of a dialyzable stimulatory substance. 
Closely associated with stimulation of sex structures was 
a mutual inhibition of growth as well as lysis and parasitism 
of mycelium and developing sex structures of "B", By varia­
tion of culture environment the incidence of this inter-
culture antagonism and parasitism could be altered. Those 
conditions which allowed the most extensive association in 
dual culture, with the exception of addition of carbohydrates, 
stimulated an Intense and wide-spread production of sex struc­
tures and a delayed but nevertheless severe parasitism and 
lysis# Tftider conditions allowing limited association and a 
stronger mutual inhibition of growth, sex structures were 
produced in very limited numbers and a severe parasitism and 
lysis of sex structures and mycelium of "B" was observed. 
Parasitism, lysis and stimulation of sex structures in dual 
6H 
eiilttare were non-existent under conditions promoting a 
complete mutual inhibition of growth. 
To ascribe predominance to either organism in relation 
to stimulation would be inconsistent with the evidence# Al­
though the production of the stimulatory substance by "A" is 
essential for stimulation to take place, equally important 
and especially evidait in dual culture is the capacity of 
"B" to resist penetration by inhibition of growth of the 
parasitic culture. Penetration of the "B" culture by "A" is 
prerequisite to stimulation of sex structures# The action of 
the parasitic culture after penetration could then be assumed 
to be a depression of the physiological activity of "B" which 
simultaneously disposed the culture to parasitism by the 
mycelium of "A" and induced production of sex structures. That 
parasitism alone is not the predominant factor in stimulation 
is supported by membrane-mating experiments. 
By culture filtrate experiments the stimulatory substance 
was shown to be elaborated in the absence of "B" culture. 
However it seems a reasonable assumption, from comparison of 
stimulation produced by filtrates and that produced by 
membrane-matings, that the presence of *'B" might be salutary 
to the production of stimulatory substance by "A". The 
effect of temperature and pH on filtrate activity showed close 
agreement with similar experiments using dual cultures and 
membrane-cros ses• 
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Dtjal cultures of Pythlum species studied by Drechsler 
and the dual cultures in this investigation were almost iden­
tical in the mechanics of parasitic action. However the type 
of parasitic culture and the consistent stimulation of sex 
structures associated with parasitic action constituted two 
major differences. Parasitic cultures Investigated by 
Drechsler were species belonging to the splny-oogonia group 
possessing delicately branched lateral roycelim of fine diam­
eter (6). In the course of four years of study only on© 
oogonium and oospore of the parasitic culture "A" has been 
observed and found to be smooth. It could not be definitely 
determined whether the coiling hyphae of ''A" were Identical to 
that of the splny-oogonia parasites described by Drechsler. 
However, a splny-oogonia form isolated during the course of 
the investigation, shown to be parasitic on "B", possessed 
parasitic hyphae not resembling the sparsely-branched colling 
lateral hyphae of "A". The splny-oogonia isolate in dual 
culture with "B" showed a rapid parasitic action but no stimu­
lation of sex structures. 
The assignment of cultures "A" and "B" to species was 
difficult since demonstration of the zoosporangial stage of 
either culture was not accomplished. However tentative assign­
ment of "A" to Pvthium salningQphorua Drechs. was made on the 
basis of growth rate, characteristic mycelial colls and 
hyphal enlargements, and the morphology of the single oospore 
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obsenred In this culture (5, 7). "B" cultiire is tentatively 
assigned to Pythim paroecandrian Drechs. on the basis of 
growth rate, oogonial and antheridial habit and morphology 
of oospore (5)« 
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SUMMARY 
In both dual and membrane-cross cultures of two sterile 
Pythium isolates, "A" and "B", stimulation of sex structures 
was shown to take place concurrently with a mutual inhibition 
of growth and a parasitism of one of the isolates, The 
effect of certain environmental conditions, temperature, re­
action of the medium, carbohydrate and nitrogen nutrients, 
vitamins and age of cultures was investigated in single, dual 
and membrane-cross cultures# 
Temperature studies showed an optimum range in which "B" 
was most receptive to stimulation and in which "A" showed 
the greatest activity in stimulation. The temperature at 
which "B" was roost receptive agreed with the temperature at 
which the stimulation in dual culture was optimum. The range 
of temperature optimum for growth and stimulation by "A** cul­
ture was identical. At the maximum temperature for growth 
and above, the capacity of the "A" culture for stimulation 
was destroyed. 
Cultwe media adjusted to alkaline reaction permitted more 
extensive association of the mycelium and stimulaticai in dual 
culture, f^rasitism on such media was delayed. Under acid 
conditions association was less extensive and stimulation and 
parasitism ^ s correspondingly reduced. 
Addition of carbohydrates to culture medium increased the 
extent of association in dual culture and, depending upon the 
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type and concentration of carbohydrate, enhanced or depressed 
stimulation of parasitism. Media containing raffinose or 
sucrose on which growth rates of the isolates were identical 
and more rapid than the unsupplemented medium, produced oppo­
site behavior with respect to stimulation and parasitism in 
dual culture# Medium containing ribose depressed growth rate 
but enhanced stimulation and parasitism in dual culture. 
Other carbohydrate media were intermediate with respect to 
growth and stimulation. 
Addition of nitrogen nutrients to the culture medium in 
most eases decreased association, stimulation and parasitism. 
Of twenty-one amino acids added singly to the culture medium 
four produced more stimulation than untreated medium. The 
remaining amino acids either depressed or prev^ted stimula­
tion, association and parasitism* 
Supplementing culture medium with a number of vitamin 
preparations gave no detectable increase in stimulation in 
dual culture. Cultures "A" and "B" on glucose-asparagine 
medium were shown to be heterotropic for thiamin. 
Membrane-matings of cultures "A" and "B", one to five-
days old, demonstrated an increase in the capacity of "A" to 
stimulate and the receptivity of "B" to stimulation with 
corresponding increase in age. Cultures "A" and '*B" twenty-
five days old and older showed a reduced but nevertheless 
typical stimulation. 
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Filtrates and extracts of the culture medium but not the 
mycelium of "A" were shown to be active in stimulation of 
sex structures and lysis in "B" culture. Increase of activity 
of filtrates was studied in relation to growth rate, reaction 
of the medium, and utilization of carbohydrate and nitrogen 
nutrients. Increase in assayable activity was correlated 
with disappearance of carbohydrate and nitrogen from the cul­
ture medium# Ion-exchange of active filtrates showed activity 
to be present only in the neutral fraction. Activity of 
filtrates in stimulation could be decreased by acidification 
and increased by alkalinization. Heating of the active fil­
trate to or above destroyed its capacity to stimulate. 
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